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An improved apparatus and method for preparing solid 
forms with controlled release of the active ingredient accord- 



ing to the spray drying and spray congealing techniques. 
The improvement involves the use of an atomizer utiliz- 
ing the mechanical vibrations of resonant metal elements 
or nozzles so as to obtain very small droplets with very 
short spray length (25-30 cm). These droplets fall to give 
spherical powder particles owing to the evaporation of the 
contained solvents or of the quenching solidification of the 
melted waxy components. 
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Descri pt i on 
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APPARATUS AND MF THOD FOR PREPARING SOLID FORMS WTTH 
CONTROLLED RELEA SE OF THE ACTIVE INGREDIENT 

Technical Field 

The present invention relates to an apparatus 
and a method for preparing solid forms with control- 
led release of the active ingredient. More parti cu- 
05 larly, it relates to an apparatus for preparing so- 

lid forms with controlled release of the active in- 
gredient utilizing the well known spray drying and 
spray congealing techniques, and a method for prepa- 
ring said solid forms employing said apparatus. The 
solid forms thus obtained can be used in the pharma- 
ceutical field for the oral administration in the 
form of powders with controlled release, or as in- 
termediates for obtaining further forms such as ca- 
psules, tablets, suspensions and the like, or they 
can be used in cosmetic, fragrances, preservants, a- 
limentary as well as in veterinary field or, when 
for releasing vegetal hormones, pesticides, or fer- 
tilizers, also in agroi ndust r i al field. 

20 Background Art 

The controlled release of an active ingredient 
from a solid form containing it, is well known in 
the art. Generally, said systems contain a) one or 

25 more excipients which modulate the release acting as 

disgregating agents or as sol ubi 1 i zers , wetting a- 
gents etc., and/or b) one or more polymeric or lipi- 
dic materials acting as barriers limitating the re- 
lease and capable to control the release rate of the 

30 therapeutic agent. Said excipients should be logi- 
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cally compatible with the active ingredients and the 
administration site, stable in the action site, ca- 
pable to interact with the active ingredient and the 
biologic fluids so as to provide the desired release 
05 control. They should be also easy available and not 

expensive. It is thus evident that the search for 
excipients always more sophisticated and adaptable 
to the different requirements is not presently en- 
ded . 

10 

Thus in US-A-2 , 828 , 206 discrete, free flowing 
particles are described, each comprising at least o- 
ne inner core of fat-soluble vitamin material, said 
core being coated with a shell of a f at- i nsol ubl e 
15 substance selected from the group consisting of pro- 

tein, gums, carbohydrates and pectin, which is in 
turn coated with a member of the group consisting of 
fats and waxes having a melting point between 45° 
and 95°C. 

20 

GB-A-1 , 044 , 572 claims a pharmaceutical composi- 
tion providing prolonged release of a drug in the 
gastro- intestinal tract comprising a multitude of 
medicinal pellets randomly coated with a fatty acid 

25 coating comprising a saturated fatty acid or mixture 

of saturated fatty acids having from 12 to 22 carbon 
atoms per molecule, said coating being modified by 
an inert dusting powder which serves to form chan- 
nels or pores through the otherwise continuous coa- 

30 ting. 

In US-A-4 , 341 , 759 granules containing a pharma- 
ceutical ly active material and at least one pharma- 
ceutical^ inactive release controlling component a- 
35 re described, wherein said granules have a core and 

an outer layer comprising at least one active com- 
pound and at least one inactive release controlling 



WO 96/03979 



3 



PCT/IT95/00048 



substance over a period of time sufficient to cause 
said unitary layer to form on each core to give gra- 
nules of size 0.3-2 mm. 



05 US-A-4 , 572 , 833 relates to a method for prepa- 

ring a pharmaceutical oral controlled release compo- 
sition, in which individual units comprise units of 
an active substance which is subject to controlled 
release as a result of coating the units with a sub- 

10 stantially water- insoluble but water-di f f usabl e 

controlled release coating comprising applying, on 
units comprising the active substance, a film- 
coating mixture comprising a solvent, a film-forming 
substance dissolved in the solvent and a hydrophobic 

15 substance substantially micro- dispersed in the 

film-coating mixture in a molten, but undissolved 
state, the film-coating mixture being applied at a 
temperature above the melting point of the hydropho- 
bic substance. 

20 

US-A-3 , 078 , 21 6 describes an oral pharmaceutical 
prepara- tion having a prolonged release comprising 
a plurality of medicament granules, substantially 
all being from 12 mesh to 80 mesh, each coated with 

25 a layer of water insoluble, partly digestible hy- 

drophobic material, the thickness of coating varying 
directly with particle size whereby in oral use the 
very fine granules rapidly release their medicament 
and the granules of increasing size release their 

30 medicament more and more slowly. 

In US-A-3 , 922 , 339 a process of preparing a su- 
stained release pharmaceutical preparation of a me- 
dicament is described, which comprises (1) blending 
35 a medicament with desired inert materials, (2) wet- 

ting the blend with sufficient liquid material so as 
to act as a binder on compacting, (3) compacting the 
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wetted blend by extruding to form a spaghett i - 1 i ke 
material, (4) drying, breaking and screening the ex- 
truded material to the desired particle size, (5) 
spraying the particles with a solution of a film- 
05 forming material, (6) dusting the sprayed particles 

with a powder and drying to form a seal on the par- 
ticles, and (7) coating the sealed particles with a 
solution of an excipient so as to form an enteric- 
soluble coating on the sealed particle. 

10 

From US-A-3 , 432 , 593 a granule, capsule or ta- 
blet is known, having the active medicament adsorbed 
on a complex colloidal magnesium aluminum silicate. 
The individual granules may be further provided with 
15 one or more suitable retardant coatings, each of 

which provides a predetermined period of sustain- 
ment . 

From what stated above, it is clear that the 
controlled release technique has been widely used 

20 smd studied, but the attempts to effect new improve- 

ments thereon go on unceasingly. As a rule, it can 
be stated that several and different reasons exhist 
for coating or encapsulating an active ingredient 
with a particular matrix. That is: a) protection 

25 from environmental agents, b) conversion fron liquid 

into solid, c) reduction of gastric irritation, d) 
masking of taste and smell, e) separation of incom- 
patible substances, f) controlled release, g) reduc- 
tion and removal of dust and electrostatic charges. 

30 

At present, the most utilized techniques for 
obtaining solid forms, in particular powders, are 
those utilizing the solidification of the matrix, 
that is the so called spray drying and spray congea- 
35 ling techniques. 



The spray drying technique comprises essential- 
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ly the following steps: 

- solubilizing the active ingredient or di sper- 
ding it as a core in a solution of an encapsulating 
material at a suitable temperature; 

05 - spraying the mixture in the form of minute 

droplets ( atomi zat i on ) by means of a rotating atomi- 
zer or a nozzle in a drying chamber; 

introducing at the same time in the drying 
chamber, in addition to said mixture, a hot air 

10 stream that can be introduced in equicurrent or 

countercurrent with the mixture. However, it is ne- 
cessary a good mixing of the droplets with the air 
stream . 

As in the drying chamber the vaporization of 
15 the solvent(s) from the droplets is quick because of 

the great available evaporation surface, said vapo- 
rization allows to maintain the temperature of the 
droplets on a low level and to minimize the heating 
t i me; 

20 " collecting the dried product at the bottom of 

the drying chamber or forwarding it to a cyclone. 

With this technique, often porous microspheres 
are obtained, suitable for example to mask the taste 
25 but not well suited for preparing controlled release 

drugs . 

Spray congealing is very, similar to spray 
drying, but it differs from the former in that the 

30 coating material does not need a solvent for its u- 

se. Said coating material should be melted at a sui- 
table temperature and, when sprayed in spray-dryer, 
it requires cold air instead of hot air for having 
the droplets solidified. In said technique, very i m- 

35 portant are the additives employed together with the 

material forming the matrix. They are able to speed 
up or to slow down the release of a drug or the in- 
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testinal adsorption, for example of a vitamin. 

Either of the two techniques is employed, logi- 
cally the large dimensions of the used equipment 

05 should be taken into consideration. In a experimen- 

tal work to examine the effects of surface active a- 
gents on formulations of sul f aethyl thi adi azol e with 
waxes as coating material, a laboratory apparatus 
had for example a collection chamber approximately 

10 274.3 cm (9 ft.) high (Journal of Pharmaceutical 

Sciences, vol. 57, no. 4, April 1968, page 584-589). 
The diameter of this chamber must be almost half of 
its height, otherwise the walls are too much soiled 
by the melted material. A reduction of the chamber 

15 size is impossible, in that a considerable atomizing 

jet is always achieved. 

It is thus evident that also said quite advan- 
ced techniques, as well as other ones for having 
20 controlled release compositions, for example compac- 

ting, extrusion, film-forming, etc., are not free 
from problems and disadvantages. 

Attempts have been made to solve at last partly 
25 all these problems employing ultrasonic energy. Thus 

in EP-A-0 467 743 a process for compacting a powder 
mixture is described, in which a non-thermoplastic 
product is blended with a thermoplastic one and the 
mixture thus obtained is submitted to ultrasonic e- 
30 nergy with pressure. An adsorbing tablet is thus 

formed that can be imbued with a perfume and applied 
on the skin, or an adsorbing strip which can be im- 
bued with a drug. 

35 In US-A-4 , 657 , 543 a process for delivering a 

bio- logically active substance on demand is descri- 
bed, said process comprising the steps of combining 
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a biologically active substance with a biocompatible 
polymeric composition as an admixture, forming said 
admixture into a shaped, solid polymeric matrix, im- 
planting said solid polymeric matrix in vivo at a 

05 preselected site such that said solid implanted ma- 

trix is in a liquid environment, and exposing said 
implanted solid polymeric matrix to ultrasonic ener- 
gy for a predetermined time to effect cavitation of 
said solid polymeric matrix by rapid compression 

10 with subsequent expansion of liquid or solid sur- 

rounding said solid polymeric matrix thereby to con- 
trol the rate of release of said biologically active 
substance from said matrix over a specific time pe- 
riod wherein the rate of release is changed during 

15 said time period. 

From US-A-4 , 779 , 806 a process for delivering a 
composition on demand is at last known, which com- 
prises incorporating said composition within a poly- 

20 meric matrix, surrounding said composition and poly- 

meric matrix with a liquid medium, and exposing said 
polymeric matrix to ultrasonic energy for a prede- 
termined time and and at a frequency to effect cavi- 
tation of said polymeric matrix to release said com- 

25 position from said matrix in a controlled manner o- 

ver a specific time period. 

In JP-9091084 the preparation of a controlled 
realease drug is described, which is obtained by e- 
30 mulsifying with ultrasounds an aqueous solution of 

the drug in an organic solvent containing the bio- 
compatible polymeric material. 

In JP-47020327 the welding with ultrasounds of 
35 s sandwich is described, comprising two equal or 

different polymer sheets surrounding the active i n- 
gredi ent . 
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In JP-60094403 mixtures of cyclodextrin and 
al pha-tocopherol are at last described, obtained by 
stirring intimately the mixture with the aid of ul- 
trasounds . 

05 

In all the literature mentioned above, with 
controlled release of a drug almost always a delayed 
release is meant, that is a release that permits the 
drug to be released slowly to the body. In both the 

10 last mentioned US patents use was then made of ul- 

trasonic energy for having cavitation of a polymeric 
matrix, but also in this case a delayed release is 
achieved and it is necessary to implant a matrix in 
vivo and to degrade the matrix for having the desi- 

15 red release. It is also known that cavitation exhi- 

bits a few disadvantages, the main of which is a 
loss of efficiency and risk for the health. 

Disclosure of Invention 

20 

It was thus object of the present invention to 
overcome the disadvantages mentioned above and to 
provide an improved apparatus and method for obtai- 
ning solid forms with controlled release of the ac- 

25 tive ingredient utilizing the spray drying and spray 

congealing techniques. It was thus object of the 
present invention to minimize the overall dimensions 
of the equipment necessary to utilize said techni- 
ques, and also avoid the disadvantages associated 

30 with the solvent recovery and the danger of explo- 

sions. At the same time it was a further object of 
the present invention to provide solid forms from 
which the active ingredient could be released in a 
delayed or rapid but controlled manner based upon 

35 the choice of the excipients, and that could be em- 

ployed with the most active ingredients actually u- 
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sed in compositions with controlled release in the 
pharmaceutical, cosmetic, alimentary and agricultu- 
ral field. 

05 This aim could be surprisingly attained by 

means of an apparatus working essentially according 
to the classic scheme of a spray drying or spray 
congealing procedure, but with the use of an ultra- 
sonic atomizer instead of those normally employed, 

10 that is with compressed air, airless or centrifugal. 

The present invention provides accordingly an 

improved apparatus for preparing solid forms with 

controlled release of the active ingredient, compri- 
15 sing: 

a) an atomizer nebulizing the liquid to be 
treated in minute droplets, said liquid being a so- 
lution, suspension or emulsion of one or more active 
ingredients and/or excipients solubilized in one or 

20 more solvents of different polarity in the case of 

spray drying, or solutions or suspensions of one or 
more active ingredients in one or more waxy melted 
excipients in the case of pray congealing; 

b) a cylindrical chamber with vertical axis, in 
25 the inside of which the droplets obtained by means 

of a) fall and are transformed in spherical parti- 
cles of powder owing to the evaporation of the sol- 
vents contained therein or to the quenching solidi- 
fication of the waxy melted components, and 
30 °) a device suitable for the quantitative reco- 

very of the volatile, eventually employed solvents. 

The atomizer a) employs the vibration of metal 
resonant elements or of a suitable nozzle to give 
35 droplets having a diameter of from 5 to 500 pm ac- 

cording to the applied intensity and mechanical fre- 
quency, as well to the geometry of the mechanical 
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device and the chemi co-physi cal characteristics of 
the treated liquids, such as viscosity, surface ten- 
sion, weight density, etc. With the term mechanical 
vibrations as use therein, in the above and follo- 
05 wing description always ultrasonic, sonic or infra- 

sonic vibrations are meant. 

As resonant metal elements, appropriately sha- 
ped or with vibrating elements sonotrodes can be u- 
10 sed, for example thin plates, or with a nozzle. When 

a nozzle is employed, its diameter will depend logi- 
cally on the liquid used to obtain the corresponding 
powder . 



15 ln fig. 1 three types of sonotrodes are illu- 

strated, and with thick line arrow the liquid fee- 
ding to be treated, whereas with thin line the small 
droplets so obtained, and in particular A) with an 
axially perforated nozzle, B) without nozzle with 
20 reflecting angled end, C) with planar vibrating pla- 

te. With D) another particular form of a vibrating, 
cuspidal plate is illustrated having a better re- 
flection of the product to be treated. 

The eployed thin plate can be made of steel or 
of another material able to be worked to give resi- 
stant, thin plates, not attackable by liquids or 
melts contacting them. Good results have been obtai- 
ned vith stainless steel plates. As material for the 
thin plates also titanium and Avional 2024 and 2018 
(trade name for a aluminium alloy) can be used. 

The chamber as indicated in b) can provide cold 
or hot air circulation, in equicurrent or counter- 
35 current with the powder falling path so as to faci- 

litate the drying or solidification process. There- 
fore, it can be provided with means able to remove 
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the powder from air, for example cyclones, filters, 
etc . 



05 



10 



15 



20 



30 



35 



As to the apparatus working of the present in- 
vention and the advantages attained, it is necessary 
to point out what follows. 

The shape of the atomized fluid jet (particu- 
larly its length, usually 25-30 cm) allows to hold 
in a range of 1 meter maximum the diameter of the a- 
tomizing chamber without running into risk to stain 
the walls, and the height of said chamber can be lo- 
wer than 2 meters because of the great thinnes with 
which the powder can be obtained, that slows down 
its fall, intensifying the drying rate. These two 
characteristics (diameter and height) can not be at- 
tained with the known equipments. Should a conven- 
tional nozzle be employed, at the same loading jets 
of a few meters can be observed and not of 25-30 cm 
as in the present invention. 



Operating with a frequency of some kHz, the ul- 
trasonic nozzle is able to dissipate relatively high 
energy and to atomize substantial amounts of liquid 
(50 1/h), thus obtaining large amounts of powder. O- 
25 wing to its own working, it is moreover self- 

cleaning so that no maintenance during the operation 
is necessary and it is possible to easily atomize 
also fluids like waxes, glycerides, melted polyethy- 
lene glycols that, because their unfavorable 
chemico-physical properties (in particular viscosity 
or surface tension), are difficult to atomize with 
conventional nozzles. In fact, it is known that sur- 
face tension of a drop with flat surface depends on 
material and temperature, whereas should the drop be 
convex, surface tension is in inverse relation to 
the drop bend radius. Very small droplets have the- 
refore very high drying rates. 
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As the ultrasonic nozzle works without em- 
ploying compressed air, it allows to work at reduced 
pressure, thus limitating or avoiding completely the 
introduction of air into the apparatus, and permit- 

05 ting a complete recovery of the volatile solvents e- 

ventually emoployed. They can be easily condensed by 
means of a simple compression at room temperature of 
their vapour with compressors without lubrication. 
The whole apparatus can moreover simply operate in 

10 absence of oxygen or outside the inflammability and 

expl osi vi ness range of the employed solvents. 

Further object of the present invention is also 
a method for preparing solid forms with controlled 

15 release of the active ingredient, said method being 

characterized in that a solution, suspension or e- 
mulsion of one or more active ingredients and/or ex- 
cipients in one or more solvents of different pola- 
rity or of one or more active ingredients in one or 

20 more melted excipients is fed on vibrating metal e- 

lements or in a nozzle vibrating at infrasonic, so- 
nic or ultrasonic frequency to give very small dro- 
plets of liquid that fall turning into spherical 
particles of powder owing to the evaporation of sol- 

25 vents or to quenching solidification of the melted 

waxy components, and the solvents are eventually re- 
covered . 

The frequency utilized for carrying out the 
30 present invention if of from 20 kHz to 150 kHz. 

Illustrative examples of biologically active 
substances which can be atomized to give powders ac- 
cording to the method of the present invention are: 
35 vitamins, enzymes, antibiotics (such as tetracycli- 

nes, penicillins, cephalosporins), diuretics, seda- 
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tives, analgesics, bronchodi lators, carotenoids, B- 
blockers, anti nf 1 animator i es , ant i depress i ves , anti - 
diabetics, 1 ipids, antihypertensives, vasodi lators, 
vasoconstrictors, hormones, steroids, antihistami- 
nes, antitussives, alkaloids, amino acids, antipyre- 
tics, antibacterial agents, amphetamins, hypnotics, 
tranqui 1 izers, symphat omi met i cs , barbiturics, anti- 
Parkinson agents, antimalarials, antispasmodics, se- 
veral topic ophtalmic drugs and so on. Also interfe- 
10 ron, antigens, antibodies, polysaccharides, growth 

factors, anticancer agents, phytohormones , pestici- 
des, pheromones, fragrances, preservants, etc. 

Typical examples of suitable drugs include: de- 
15 xamethasone, prednisolone, isoproterenol, proprano- 

lol, codeine, atropine, hyoscyamine, streptomycin, 
corti sone , i sosorbi de-5-mononi trate, amobarbi tal , 
scopolamine, theophylline, ephedrine, urapidil, ke- 
toprofen, paracetamol, i ndomet haci n , diltiazem, dia- 
20 cerhein, phenylpropanolamine and biliary acids. Also 

interferon, antibodies, antigens, polysaccharides, 
growth factors, anticancer drugs, phytohormones, pe- 
sticides, pheromones, fragrances, perfumes, etc. 

25 The polymers or copolymers useful for prepa- 

ring the matrix or for having a coating, which can 
be utilized alone or in any mixture thereof, compri- 
se all those already employed in. the controlled re- 
lease pharmaceutical, cosmetic or agricultural com- 

30 positions, for example cellulose and its derivati- 

ves, polyamides, acrylic polymers, polyesters, poly- 
vinylpyrrolidone, starch, polyethylene glycols, po- 
lystyrene, pol yvi nyl al cohol , myristyl alcohol and 
stearyl alcohol polymers, polyvinyl acetate, poly- 

35 butadiene, polyvinyl formal, pol y vi ny 1 buty ral , vinyl 

chloride-vinyl acetate copolymer, et hy 1 ene-vi ny 1 a- 
cetate copolymer, vinyl chl or i de-propyl ene-vi nyl a- 
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cetate copolymer and any mixture thereof. The pre- 
sent invention is not restricted to the employed po- 
lymers or active ingredients. 

05 Solvents that can be eventually used in the 

present invention comprise for example acetone, i so- 
propyl alcohol, methylene chloride. Also plastifiers 
such as dibutyl phtalate and trimethyl citrate can 
be employed. Also aqueous solutions can be used. 

10 

The powders thus obtained can be perfectly ga- 
st roresi stant but quickly soluble at neutral or ba- 
sic pH in the case of pharmaceutical compositions 
(for example employing Eudragit S 100), or they are 
15 able to grant the release with kinetics very close 

to zero order and in a wide range of release con- 
stants (for example employing Eudragit RS, RL or 
mixture thereof or cellulose esters). 

20 The powders thus obtained can be employed both 

directly as oral powders with controlled release, 
and as intermediates for producing further control- 
led release forms, such as tablets, capsules, su- 
spensions and the like. 

25 

In order to evaluate the efficiency of the new 
apparatus and method object of the present inven- 
tion, powders have been prepared from some active 
ingredients and their release as a function of time 
30 has been evaluated. The results are summarized in 

the enclosed drawings, in which: 

fig. 2 shows ibuprofen release rate first in a- 
cid and then in basic medium; 

fig. 3 shows the ketoprofen release at the same 
35 conditions; 

fig. 4 shows ketoprofen release at the same 
conditions but in the presence of several exci- 
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15 



20 



pi ents ; 

fig. 5 shows the naproxen release at the same 
conditions and 

fig. 6 shows for comparison purpose the release 
of an active ingredient from a pharmaceutical form 
obtained according to the co-pending application WO 
94/14421, by compacting ketoprofen with talc, Eu- 
dragit S 100 and magnesium stearate with the aid of 
ultrasounds . 



The explanation of the other figures will be 
deduced from the following examples. The forms ob- 
tained with the apparatus of the present invention 
are also illustrated in the examples. As the exam- 
ples are given for i 1 1 ustrat i ove purpose only, they 
have not to be considered as limitative of the pre- 
sent invention. 

It is also clear that any person skilled in the 
art could modify the present invention utilizing a- 
nother drug or different substances for having the 
powders. It appears thus to be superfluous to point 
out as said modifications belong in toto to the in- 
vention as described above, and therefore they could 
not be retained as different from the claims as re- 
25 ported here below. 



Example 1 

A solution was prepared comprising 1.5 g keto- 
30 profen, 1.5 g Eudragit S 100 (Trade mark), 0.15 g 

Eudraflex (Trade mark) and 20 g of a 2:1 mixture of 
acetone and methylene chloride. This mixture was 
transferred at the rate of 50 1/h on an atomizer vi- 
brating at 40 kHz. Very little droplets have been 
35 obtained that, owing to the solvents evaporation, 

falling in the air after a run of 1 , 5 m were tras- 
nformed in perfectly spherical and essentially not 
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porous particles. Evaluation of the active ingre- 
dient release by means of simulated gastric and en- 
teric juice give the trend shown in figure 4. 

05 Example 2 

The procedure described in Example 1 was repea- 
ted, with the difference that 1.5 parts of naproxen 
were used instead of ketoprofen. The results of re- 
10 lease tests in gastric and enteric simulated juice 

gave the curve trend shown in figure 5. 

Example 3 

Example 1 was repeated, but ibuprofen was used 
15 as active ingredient instead of ketoprofen. The re- 

sults of the release rate are reported in figure 2. 

Example 4 

20 Following the procedure of Example 1, micro- 

spheres were obtained containing hydrogenated castor 
oil (Cutina HR, Trade mark) 45%, karite butter 30%, 
ferric oxide pigment 25%. A photograph of said sphe- 
res (magnitude 100 X; here and in the following, the 

25 magnification of microphotos is intended as referred 

to the 24x36 mm slide) is given in figures 7 and 8. 
The product can be used as an ingredient for cosme- 
tic compositions. 

30 Example 5 

Following the procedure of Example 1, micro- 
spheres were obtained containing hydrogenated castor 
oil (Cutina HR) 45%, karite butter 30%, (3-carotene 
35 25%. Photographs (magnitude 100 x) in figures 9 and 

10. Use as in Example 4. 
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Example 6 

Figure 11 is a microphotograph (65 X) of solu- 
ble cacao now on the market, whereas a microphoto- 

05 graphs (65 X) of soluble cacao powder prepared ac- 

cording to the present invention following spray 
congealing technique are shown in figures 12 and 13. 
Said powder comprises: hydrogenated castor oil (Cu- 
tina HR) 27.5%, water-di sperdible soja lecithin 

10 12.5%, saccharose 5%, lean cacao powder 50%. In fi- 

gures 14 and 15 a further microphotograph of solu- 
ble cacao is shown, comprising: hydrogenated castor 
oil (Cutina HR) 22.5%, soja lecithin 22.5%, saccha- 
rose 5%, lean cacao powder 50%. The technique used 

15 was spray congealing: atomization with ultrasounds. 

Example 7 

Following the spray congealing procedure and a- 
20 tomization with ultrasounds according to the present 

invention, microspheres were obtained containing: 
BRIJ 72 (Trade mark) 24%, hydrogenated castor oil 
(Cutina HR) 56%, carbaryl malathion 20%. The product 
is shown in figures 16 and 17. Use as agricultural 
25 parasiticide. 



Example 8 

In figures 18 and 19 microspheres are shown (65 
30 x ) containing BRIJ 72 16%, hydrogenated castor oil 

(Cutina HR) 64%, carbaryl malathion 29%. 

Example 9 



35 



In figure 20 and 21 photographs of whole powder 
milk are shown (65 X), obtained with spray drying 
technique and ultrasonic atomization. 
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Example 10 

Photographs of microspheres (65 X) containing 
hydrogenated castor oil (Cutina HR) 50%, stearin 
15%, swine lard 20%, 3-al pha-acetonyl -benzyl -4- 
hydroxy- cumarine 15%, are shown in figure 22 and 
23. Preparation with spray congealing technique, ul- 
trasonic atomi zati on . Use as rat poison. 
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CI ai ms 

1. Apparatus for preparing solid forms with control- 
led release of the active ingredient according to 
the spray drying and spray congealing techniques, 
05 characterized in that is comprises: 

a) an atomizing device utilizing mechanical vibra- 
tions of resonant metal elements or nozzles, that 
nebulizes in very little droplets a liquid compri- 
sing a solution, suspension or emulsion of one or 
more active ingredients and/or excipients in one or 
more solvents of different polarity or of one or mo- 
re active ingredients in one or more melted waxy ex- 
ci pi ents j 

b) a cylindrical chamber with vertical axis inside 
of which the droplets thus obtained in a) fall to 
give spherical powder particles because of the eva- 
poration of the contained solvents or of the solidi- 
fication owing to the quenching of the melted waxy 
components, and 

c) a device for recovering the volatile solvents e- 
ventual 1 y employed . 



10 



15 



20 



25 



2. Apparatus according to claim 1, characterized in 
that the resonant metal elements comprise appropria- 
tely shaped sonotrodes or with application of vibra- 
ting elements, for example thin plates, or provided 
with a nozzle the diameter of which depends on the 
liquid to be treated. 

30 3. Apparatus according to claim 1, characterized in 

that the diameter of the droplets obtained in a) is 
of from 5 to 500 microns. 



35 



4. Apparatus according to claim 1, characterized in 
that the length of the atomized fluid jet is usually 
of from 25 to 30 cm with a loading of 50 1 /h . 
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5. Apparatus according to claim 1, characterized in 
that the atomization chamber heigth b) is usually 
lower than 2 m and the diameter is of 1 m. 

05 6. Apparatus according to claim 1, characterized in 

that the mechanical frequencies are of from 20 kHz 
to 150 kHz . 

7. Method for preparing solid forms with controlled 
10 release of the active ingredient, characterized in 

that a suspension, solution or emulsion of one or 
more active ingredients and/or excipients in one or 
more solvents of different polarity or of one or mo- 
re active ingredients in one or more melted waxy ex- 

15 cipients is fed on resonant metal elements or noz- 

zles subjected to infrasonic, sonic or ultrasonic 
frequencies, the very small droplets thus obtained 
fall in a cylindrical chamber with vertical axis to 
give spherical powder particles, and the solvents e- 

20 ventually employed are recovered. 

8. Method according to claim 7, characterized in 
that the solution, suspension or emulsion fed to the 
resonant metal elements i s an aqueous composition. 

25 

9. Method according to claim 7, characterized in 
that the solution, suspension or emulsion is fed to 
the resonant metal elements or nozzles i n an amount 
of at least 50 1/h. 

30 

10. Method according to claim 7 and 8, characterized 
in that as resonant metal elements appropriately 
shaped sonotrodes or with application of vibrating 
elements, for example thin plate, or provided with a 

35 nozzle are employed. 



WO 96/03979 



PCT/IT95/00048 





WO 96/03979 



PCT/TT95/00048 




WO 96/03979 



PCT/IT95/00048 




WO 96/03979 



PCT/IT95/00048 




WO 96/03979 



PCT/IT95/00048 




WO 96/03979 



PCT/IT95/00048 




WO 96/03979 



PCT/IT95/00048 



7ll5 

FIG 7 




FIG8 
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